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Here: (u_, 0_) are the Gaussian coordinates of the generating surface E_; ¢ is the generalized parameter of motion in the proccss for generation, Thc equation of meshing is givcn by:
where N (*} is the normal to E,, v (a} is the relative motion for a poiut of contact of E, and ,E,. 
GRID AND REFERENCE POINT
The grid is a set of points on Zt chosen as points of contact between the probe and Et ( fig. 3 ). Fixing the value of z, for the point of the grid, and the value of, say yt (or xt), we can obtain the following equations
where k is the number of grid points.
We consider hi and li as given and solve equations (6) for (Ul,01).
Then we can determine the position vectors and the unit normals for k points of the grid using the equations
The position vector for the center of the probe, if the deviations are zero, is represented by the equation
where p is the radius of the probe tip.
The reference point
is usually chosen as the mean point of the grid.
The center of the probe that corresponds the reference point on Et is determined from equation (9) as
Here: (u {°1, 0(°)) are known values. 
Here: r,_ and n,, are the position vector and the unit normal to the theoretical surface, respectively, that are represented in coordinate system ,9., of the measuring machine; )_ determines the real location of the probe center and is considered along the normal to the theoretical surface; R= and R_,, represent in S,_ the position vector of the probe center for the theoretical and real surfaces, respectively. Equations (14) and (15) yield
and
The position vector R_ is determined by coordinate measurements for points of the grid. Equation (17) 
Here: r, is the position vector and n¢ is the surface unit normal; r, is the cutter tip radius; ao is the cutter blade angle (an > 0 for the concave side and aG < 0 for the convex side). 
28)
The surface Gaussian coordinates are so and Oa and dj (Tin, V2, //2 and A.X,_) are the machine-tool settings.
The numerical example presented in this paper is based on the experiment that has been performed at the Dana Corpora- Table I .
EQUATIONS OF PINION THEORETICAL TOOTH SURFACE
The pinion tooth surface is generated as the envelope to the family of tool surfaces that are cone surfaces ( fig. 9 ).
Henceforth, we will consider the following coordinate systems: with respect to the cradle we use coordinate system S# ( fig. 9 and  fig. 10 ). The required orientation of the head-cutter with respect to the cradle is accomplished as [ollows: (i) coordinate systems S, and St are rigidly connected and then they are turned as one rigid body about the z¢-axis through the swivel angle j = 27r- (fig. 10) ; (ii) then the head-cutter with coordinate system St is tilted about the y_-axis under the angle i ( fig. 9(b) ). The headcutter is rotated about its axis zt but the angular velocity in this It will be shown later that the deviations of real pinion tooth surface can be minimized by corrections of parameters of installment of the pinion and the head-cutter.
These pinion settin_ parameters are E,,-the machine offset, _'_-the machine-root angle, AB-the sliding base, AA-the machinc center to back ( fig. 11) . The head-cutter settings parameters are: Sn-radial setting, 0¢-initial value of cradle angle, j-the swivel angle ( fig. 10) , and i-the tilt angle ( fig. 9(b) ).
Tool Surface Equations
The head-cutter surface is a cone and is represented in 
Here: .5".is an auxiliary fixed coordinate system whose axcs parallel to S°axes. Equations (31) and (32) 
Here: di (j = 1,...,8) designate the installment parameters: E._, 7,_, AB, AA, Sa, 0_, j and i.
The normal to the pinion tooth surface is represented as
where d_ (k = 1,2,3,4) designate the installment parameters 7-_, 0c, j and i. Fig. 12 and fig. 13 illustrate the initial deviations _bi of the real surface, that have been obtained by measurements and calculations for the concave side and convex side, respectively. The blank data, the basic machine-tools settings, the corrections of machine-tool settings and the corrected machine-tool settings are shown in Table 2 -3. Based on the corrected machine-tool settings, we can manufacture a new surface that will optimally fit the theoretical surface after the surface is distorted by manufacturing processes and heat treatment.
Results of Minimization
The minimized deviations between the new surface and the theoretical surface are shown in fig. 14 and fig. 15 . These figures confirm the elfectiveness of the proposed approach. The deviations of approximately 30 microns have been reduced to 2-3 microns.
CONCLUSION
A general approach for computerized determination of devi ations of a real surface from the theoretical one based on coordinate measurements has been proposed. An algorithm for minimization of deviations by corrections of initially applied machinetool settings through application of a least square approach has been developed. The approach is illustrated with an example of the tooth surface of a hypoid pinion and gear. 
